The beneficial effects of dietary selenium (Se) supplementation for poultry and the distribution of Se in tissues have been well documented, but the functionalities of the Se-enriched products are much less concerned. Alcohol induces liver injury by initiating oxidative stress and antioxidant therapy has been proposed as an effective way of reducing the injury. Because a correlation between Se and antioxidant capability has been established, the alleviation effect of the Se-enriched fatty goose liver (SFGL, containing 900 μg/kg Se) on alcohol-induced liver injury was studied. Mice were daily fed with 2.5, 5, and 10 g/kg·bw SFGL and common fatty goose liver (CFGL, containing 200 μg/kg Se) one hour after ethanol administration and the animals were scarified and the blood and liver were collected for analysis on day 21. Results indicated that SFGL was more effective in reducing the hepatosomatic index and the degree of steatosis than CFGL. SFGL in all the three doses normalized the lipid metabolism and the activities of ALT and AST, indicating that SFGL attenuated the alcohol-induced liver injury. SFGL decreased the serum and hepatic ADH activities and the MDA content, implying that the liver injury attenuation effect of SGFL was related to oxidative stress reduction. The measurement of antioxidant variables, including GSH-Px, GSH, and SOD, revealed that the levels of these molecules were significantly increased after SFGL ingestion, confirming that SFGL alleviated alcohol-induced liver injury by enhancing the antioxidant capability. It was concluded that Se-enriched poultry tissues are potential remediators against alcohol-induced liver injury.
Introduction
The beneficial effects of dietary selenium (Se) supplementation for poultry has been well documented. Substantial researches have proved that optimized Se supplementation in poultry diets can result in increased efficiency of egg and meat production and improve their quality (Lyons et al., 2007) . Besides, dietary Se supplementation also promotes the embryonic development (Wilaison and Mori, 2009) and alleviates the adverse effects of some toxins in poultry (Weber et al., 2006) .
Organic Se in the form of selenized yeast has been approved by the US Food and Drug Administration for poultry. Because Se mainly deposites in the muscle, kidney and liver of poultry (Wang et al., 2011) , these products are potential sources of Se and might possess special bioactivities for human. However, only very few such reports are available, except that the meat of Se-enriched poultry has been recommended as a functional food for individuals in regions with very low environmental Se levels (Grashorn, 2006) . Since liver is a major organ for Se accumulation, it is meaningful to explore the bioactivity of Se-enriched liver, which is expected to further promote the application of Se in the poultry industry and markedly increase the added-value of the resultant products.
Alcoholic liver disease (ALD) is a major medical complication of alcohol abuse and a common liver disease in the world. The intake of alcohol over a certain limit inevitably leads to hepatic steatosis, fibrosis, and finally cirrhosis (De Minicis and Brenner, 2008) .
Because ALD is an extremely common disease with a high mortality, the prevention of the disease has attracted worldwide interests.
It is now well accepted that the alcohol-mediated liver injury is a multifactorial event that involves both genetic and environmental factors and oxidative stress plays an important role in the development of ALD (Day, 2006; Dey and Cederbaum, 2006) .
Hence, interest in the potential value of antioxidant therapy in treating ALD has arisen (Bjelakovic et al., 2011; SriRajaskanthan and Preedy, 2006; Stewart et al., 2007) . The addition of some antioxidants, such as superoxide dismutase (SOD) (Wheeler et al., 2001) , glutathione (GSH) precursors (Iimuro et al., 2000; Song et al., 2003) , and vitamins (A, C, and E) (Bjelakovic et al., 2011) has been reported to prevent alcohol-induced injury or increase antioxidant enzyme activities in the liver or liver cells of human and animal models.
Se in the form selenocysteine is a component of glutathione peroxidase (GSH-Px), which is an important factor in the defense against oxidative injury. The relationship between decreased Se level and alcohol-induced liver injury has been reported in both human and animals. Early investigations revealed that alcoholic populations have depressed Se levels in their serum (Korpela et al., 1985; Milman et al., 1986; Tanner et al., 1986) and the supplementation of Se has been suggested to reduce alcohol-induced liver injury. Markiewicz-Górka et al. (2011) reported that supplementation of Se or Se and magnesium simultaneously significantly enhanced antioxidant defense and was effective against alcohol-induced oxidative stress, disturbance of liver function and cholesterol metabolism in rats. Ebselen (2-phenyl-1,2-benzisoselenazole-3(2H)-one) is a organoselenium compound and GSH-Px mimic. This compound was found to prevent the early alcohol-induced liver injury in rats by decreasing oxidative stress (Kono et al., 2001 ). These evidences indicated that dietary supplementation of Se might be an effective method for alleviating alcohol-induced liver injury.
In a previous research, we found that yeast Se-enriched diet could markedly alleviate the metabolic disorder, reduce the 24-hour mortality, and scavenge free radicals in fatty liver-producing geese (data not shown). Further work indicated that dietary Se supplementation improved the quality of fatty goose liver without changing the chemical composition and improved Se deposition in the liver of the geese (Wang et al., 2011) . The purpose of the current research is to investigate whether Se-enriched fatty goose liver could alleviate acute alcohol-induced liver injury in mice.
Materials and Methods

Fatty Goose Liver Preparation
Se-enriched fatty goose liver (SFGL) was provided by Gaomi Yinheyanrun Goose Group (Shandong, China). The birds were force-fed with basal diet ( 
Animals and Experimental Design
Male SPF-grade Kunming mice weighed 18-22 g were purchased from Qingdao Drug Inspection Institute (Qingdao, China). Laboratory animal handling and experimental procedures were performed in accordance with the requirements of
Provisions and General Recommendation of Chinese Experimental Animals
Administration Legislation and standard ethical norms. After acclimatization to standard laboratory conditions for 3 days, the mice were randomly divided into eight groups, including one control group, one ethanol group, three SFGL groups, and three CFGL groups, with 20 mice in each group.
Mice in the control group were administered with distilled water (5 g/kg·bw) and those in other groups were administered with ethanol (50% v/v, 12 mL/kg·bw) by gastric intubation. One hour later, mice in the three SFGL and three CFGL groups were intragastrically administered with 2.5, 5, and 10 g/kg·bw SFGL and CFGL respectively, whereas those in the control and ethanol groups were intragastrically administered with 5 g/kg·bw distilled water. The mice were allowed free access to pelleted diet and tap water throughout the experiment. The procedures were repeated every day and the experiments lasted 21 days in total. On day 21, after the mice were administered water, CFGL or SFGL, the mice were fasted for 12 h and then the total blood was collected by removing the eyeballs. Later, the animals were sacrificed and the livers were taken out for further analysis.
Determination of Hepatic MDA, SOD, GSH-Px, GSH, ADH, TG, TC, and HSI
The mice livers were immediately rinsed with cold saline for three times and blotted on filter paper. Then, the livers were weighed for the calculation of the hepatosomatic index (HSI) according to the following formula: 100 t Body weigh ht Liver weig (%) HSI × = Subsequently, a portion of each liver was homogenized in a glass homogenizer to make a 10% liver homogenate in saline. The homogenates were centrifuged in 3000 r/min and the supernatants were collected for the determination of malondialdehyde (MDA) content, superoxide dismutase (SOD) activity, glutathione peroxidase (GSH-Px) activity, glutathione (GSH) content, alcohol dehydrogenase (ADH) activity, total glycerin (TG) content, and total cholesterol (TC) content by using commercial kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China) according to corresponding instructions.
Measurement of Serum ALT, AST, and ADH
Mice blood was placed in 4 °C immediately after collection and centrifuged at 3000 r/min for 15 min. The serum was then harvested and the activities of alanine transaminase (ALT), aspartate aminotransferase (AST), and alcohol dehydrogenase (ADH) were measured by using commercial kits purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China) in compliance with corresponding instructions.
Liver Histopathological Observation
The remaining portion of each mice liver was immersed and fixed in 4% formaldehyde at 4 °C for 24 h, dehydrated according to standard procedures, and subsequently embedded in paraffin. The tissues were then sliced and arbitrarily selected sections were dewaxed and subjected to hematoxylin & eosin staining under optical microscopy.
Statistical Analysis
Results were expressed as mean ± SD from twenty replicates. Statistical analysis was carried out using one-way analysis of variance (ANOVA) and multiple comparison was performed using the Tukey's method with the SAS 8.0 software.
Results
Change of HSI
As shown in Table 2 , acute alcohol administration significantly increased the liver weight and reduced the body weight (P < 0.01), leading to a nearly one fold increase (80%) of HSI compared with control (P > 0.05). Compared with the ethanol group, SFGL administration in all the three doses significantly reduced the liver weight, increased the body weight, and decreased the HSI of the mice (P < 0.01 or P < 0.05), but significant changes of the parameters in the CFGL groups were observed only in the medium and high doses. No significant difference in HSI was observed between the SFGL and CFGL groups (P > 0.05).
Alteration of Hepatic Lipid Metabolism and Serum ALT And AST Activities
As shown in Table 3 , the supplementation of both CFGL and SFGL significantly influenced the lipid metabolism of alcohol-treated mice except TG of the low-dose groups (P < 0.05) compared with the ethanol group. SFGL ingestion significantly affected the ALT and AST activities in the serum in all the three doses, but significantly changes in the CFGL groups were observed only in the high dose (P > 0.05). SFGL in all the three administration levels restored the four parameters to their normal ranges of the control group, but CFGL normalized the contents of TG and TC only in the medium and high doses and those of ALT and AST only in the high dose, indicating that SFGL offered effective protection in lipid metabolism and liver injury in a lower dose.
Variation of Hepatic and Serum ADH Activities
Compared with control, alcohol induced significant increase of ADH activity in the serum and liver (P < 0.01, Table 4 ). The supplementation of both CFGL and SFGL in the three doses significantly reduced the ADH activity in the liver and administration of 10 g/kg·bw SFGL caused significant higher decrease of hepatic ADH activity compared with other groups (P < 0.05). Ingestion of CFGL in the three levels investigated failed to affect the serum ADH activity, but SFGL significantly lowered the index and restored the parameter to the normal range (P < 0.05).
Change of Hepatic Antioxidant Variables
As shown in Table 5 , alcoholic exposure caused oxidative stress in the mice as evidenced by significantly increased hepatic MDA content (P < 0.01) and decreased GSH-Px, GSH, and SOD activities (P < 0.05). The administration of SFGL significantly lowered the hepatic MDA content and increased the GSH-Px and SOD activities and the GSH content (P < 0.05) and restored the values of MDA, GSH-Px, and SOD to their normal ranges, whereas CFGL did not influences the four parameters in all the three levels. The results showed that SFGL was more effective in reducing oxidative stress than CFGL.
Histopathological Observation
Histopathological analysis of the liver sections from control, ethanol-treated and CFGL/SFGL-administered mice was depicted in Fig. 1 . As can be seen, alcohol exposure induced prominent steatosis (arrows) along with necrosis (arrow heads). The necrotic hepatocytes were characterized by cell enlargement and disintegrating cytoplasmic and nuclear boundaries (Fig. 1b) . The administration of CFGL alleviated necrosis in hepatic cells and the nuclear boundary was intact, but minor steatosis was observed in this group (Fig. 1c) . In the SFGL group, the hepatic cells displayed regular morphology and intact nuclear and cytoplasmic boundaries without steatosis or necrosis, indicating that the SFGL offered effective protection from the histopathological point of view.
Discussion
Acute alcohol administration caused obvious liver injury as evidenced by increased hepatosomatic index (Table 2 ) and elevated degree of steatosis and necrosis (Fig. 1b) compared with control. The ingestion of both types of fatty goose liver reduced the two indexes, indicating that CFGL and SFGL offered protection against alcohol-induced liver injury. Besides, SFGL led to higher decrease of HSI and degree of steatosis in same administration levels than CFGL. Since SFGL and CFGL differ tremendously only in their Se contents, it is believed that the higher Se content contributed largely to the relatively greater liver remediation of SFGL than CFGL.
The major effects of alcohol include excessive triglyceride synthesis, hypertriglyceridemia and hypercholesterolemia, defective plasma cholesterol esterification, and decreased high-density lipoprotein cholesterol (Sabesin, 1981) . This phenomenon was observed in the ethanol group. Ethanol exposure significantly increased the total cholesterol content by one fold and the triglyceride content by 0.5 fold ( Table 3 ). The administration of SFGL reduced the two parameters to the normal range compared with control, implying that SFGL was effective against the disturbance of alcohol-induced lipid metabolism. This result is consistent with the report of
Markiewicz-Górka et al. (2011).
A relation between liver damage and elevation of serum ALT and AST has been established (George et al., 2003; Grattagliano et al., 2000) . In this study, alcohol exposure significantly increased the activities of the two enzymes in the serum (Table 3) , revealing the occurrence of livery injury. The administration of SFGL in all the three doses normalized the two indexes, but the same effect was observed only in the high-dose CFGL group (10 g/kg·bw). This revealed that SFGL was more effective in attenuating alcohol-induced liver injury than CFGL. This conclusion coincided with the results concerning HSI, lipid metabolism, and histopathological examination. The changes of lipid metabolism, ALT, and AST confirmed the protection effect of SFGL from the point of biochemical view.
Alcohol acts through numerous pathways to affect the liver and oxidative stress induced by free radicals plays central role in alcohol-induced damage (Arthur I, 2001 ).
Oxidative stress can be induced by multiple processes, in which, the production of acetaldehyde through alcohol metabolism is among the processes (Albano, 2006) . Alcohol is metabolized in two main pathways, firstly the ADH pathway and secondly the microsomal-ethanol oxidizing system. Both the pathways can convert alcohol to acetaldehyde (Lieber and DeCarli, 1970) .
To confirm whether the attenuated alcoholic-induced livery injury was related to oxidative stress reduction, the changes of ADH activity were measured. In this research, alcohol administration induced significant increase of ADH activity in both the liver and serum of mice (P < 0.01), but the ingestion of SFGL and CFGL in all the three doses significantly reduced the ADH activity in mice liver and the highest reduction occurred in the SFGL group, reaching up to 51.5% (Table 4 , P > 0.05 or 0.01). Besides, SFGL in all the three doses restored the serum ADH activity to the normal range, but CFGL failed to significantly decrease the index (P > 0.05). This difference implied that SFGL reduced the generation of free radicals and the decrease of oxidative stress potentially contributed to the protection against alcohol-induced liver injury in mice.
Ethanol was able to induce lipid peroxidation. The increase of the decomposition product MDA has been considered as a key feature in ALD and was used as a biomarker of oxidative stress (Jens, 2007) . The ingestion of CFGL failed to reduce the MDA level (P > 0.05), but SFGL restored the index to the normal range compared with control (Table 5 ), confirming that the better protection of SFGL was due to its stronger ability to reduce the oxidative stress.
Typically, organism cells are protected by virtue of an intricate antioxidant system, consisting of enzymatic and non-enzymatic systems, to maintain redox status homeostasis. SOD, GSH-Px, and GSH play important roles during the process by scavenging reactive oxygen species or by preventing their formation (Kabuto et al., 2003) . GSH-Px is Se dependent and the deficiency of Se can lead to significantly reduced GSH-Px activity in rats (Itoh et al., 2009; Markiewicz-Górka et al., 2011) . This relationship was also observed in this research. The administration of alcohol led to up to nearly 50% decrease of GSH-Px activity in the mice. The supplementation of CFGL failed to alter the index, but SFGL significantly elevated the index and restored it to the normal range in all the three doses investigated (Table 5) . It has been reported that the ingestion of alcohol increased the absorption of Se in rats (Cho et al., 1991) . In this research, the Se content in SFGL was high enough to influence GSH-Px activity in the mice.
SOD catalyzes the dismutation of superoxide anion ( et al., 2003) . In this study, supplementation of SFGL in all the three dosages significantly improved the levels of GSH-Px, GSH, and SOD to the normal range compared with control ( Table 5 ),
implying that the elevated antioxidant molecules contributed to the reduced oxidative stress and the elevated Se-dependent GSH-Px activity possibly played central role in the enhanced antioxidant activity.
It should be noted that the supplementation of CFGL failed to significantly influence the contents of MDA and GSH and the activities of SOD and GSH-Px (P > 0.05). This implied that the background Se content in CFGL was incapable of alleviating the oxidative stress in the mice. It has been reported that the supplementation of protein can decrease serum and hepatic total cholesterol and triglycerides and thus reduce the clinical and biochemical abnormalities in diseases mediated by lipid disorders (Torres et al., 2006) . In this research, the supplementation of both SFGL and CFGL significantly decreased the hepatic TC and TG contents in most doses investigated. Because protein constitutes about 7% of the fatty goose livers, the protection against livery injury of CFGL was possibly contributed by the protein in it.
It was noteworthy that no dose-dependent pattern was found in all the three SFGL groups for all the parameters investigated. Besides, supplementation of SFGL restored all the parameters studied to the normal range and the changes were not significantly different among the three doses investigated except the ADH activity, indicating that the optimum dose was 2.5 g/kg·bw for mice.
In conclusion, the ingestion of SFGL provided better protection against alcohol-induced liver injury than CFGL and the elevation of the antioxidant capability might be the mechanism of the protective effect. The intake of 2.5 g/kg·bw was sufficient to restore the oxidative level and growth parameters of mice to the normal range. It was proposed that the Se-enriched poultry products are potential food-derived agents for protecting liver against alcohol-induced injury.
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